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SEMICONDUCTOR DEVICE HAVING A MULTIPLE LAYER WIRING STRUCTURE, 
WIRING METHOD, WIRING DEVICE, AND RECORDING MEDIUM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor device 
having a multiple layer wiring structure, a wiring method, a 
wiring device, and a recording medium and, in particular, to a 
connection between metal wiring layers . 

2. Description of the Related Art 

Connection portions (referred to hereinafter as VIA) formed 
from the upper and lower metal wiring layers of intersection 
portions of metal wiring layers and from interlayer connecting 
portions that form connections between metal wiring layers , 
which are created using EDA tools for automatically placing and 
wiring in a semiconductor device, are generally formed across 
the entire surface of the intersection portions. As is shown in 
the plan view in Fig. 10 and in the cross sectional views along 
the lines XX' and YY' in Fig. 11, if the upper and lower metal 
wiring layers Ml and M4 are connected skipping more than one 
metal layer arranged between the metal wiring layers, the 
adjacent metal wiring layers Ml and M4 or the metal layers M2 
and M3 (Ml and M2, M2 and M3, M3 and M4) are connected using VIA, 
and what is known as a stack VIA (referred to below as an SVIA) 
structure for connecting the target metal wiring layers Ml and 
M4 is employed. These SVIA are also arranged in a matrix 
formation, with the pitches of the wiring tracks T2 and T3 (the 
pitch in the X direction of T2 = PX, the pitch in the Y 
direction of T3 = PY) that are determined by design rules in 
terms of the layout, extending across the entire surface of the 
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intersection portion 100 (having the surface area Wl x W4 ) 
between the lower metal wiring layer Ml having the width Wl and 
the upper metal wiring layer M4 having the width W4 . 

Namely, as is shown in Fig. 11, the metal wiring layer Ml and 
the metal layer M2 are connected by an interlayer connection 
portion CUT 12 to form an intermediate VIA (VIA 12). Moreover, 
the metal layer M2 and the metal layer M3 are connected by the 
interlayer connection portion CUT 23 to form an intermediate VIA 
(VIA 23). Furthermore, the metal layer M3 and the upper metal 
wiring layer M4 are connected by the interlayer connection 
portion CUT 34 to form an intermediate VIA (VIA 34). Taken 
together, the whole forms an SVIA that connects the metal wiring 
layers Ml and M4 . At this time, the metal layers M2 and M3 are 
placed in an area that overlaps with the intersection portion 
100 of the metal wiring layers Ml and M4 , and an SVIA array 
configuration is formed extending over the entire surface of the 
intersection portion 100. 

Here, as a design rule in terms of the layout of the 
interlayer connection portions CUT 12, CUT 23, and CUT 34 in the 
VIA and the upper and lower metal wiring layers Ml and M4 or the 
metal layers M2 and M3 (these will all be referred to below as 
metal layers M) , as is shown in Fig. 12, a margin having the 
width OH is set in the upper and lower metal layers M in order 
to ensure a sufficient leeway for position shifting generated 
during manufacturing for the interlayer connection portions CUT 
of the width CS of the smallest opening. Accordingly, from the 
restriction on the positional shift margin of the metal layer M 
and the interlayer connection portion CUT, the minimum width of 
the metal layer M forming the VIA is set as a design rule as: 
MS (VIA) = CS + 2 X OH ."(1). 

2 



However, in the design rule in Expression (1), there are 
cases in which, although it is possible to ensure the positional 
shift margin, the restrictions pertaining to the minimum pattern 
surface area of a metal layer M that is necessary when 
processing the metal layer M are not overcome. In these cases, 
because the signal wiring, the power supply wiring and the like, 
extends out from the metal layer M for a VIA between adjacent 
metal layers M, the pattern surface area of the metal layer M 
forming the VIA fulfills the minimum surface area rules and 
causes no problem in terms of layout. However, in an SVIA, no 
signal wiring or the like extends out from intermediate metal 
layers M2 and M3 forming the intermediate VIA (VIA 12, VIA 23, 
and VIA 34). Therefore, the restrictions pertaining to the 
minimum pattern surface area need not only to provide a 
sufficient positional shift margin for the interlayer connection 
portions CUT 12, CUT 23, and CUT 34 and the metal layers M2 and 
M3 , but to provide the minimum pattern surface area for the 
metal layers M2 and M3 that is necessary when the metal layers 
M2 and M3 are being processed. In a conventional EDA tool, as 
has been described above, it is normal to form an SVIA by 
providing the intermediate metal layers M2 and M3 such that they 
overlap with the entire area of the intersection portion 100 of 
the metal wiring layers Ml and M4 that need to be connected. For 
example, SVIA portions wired using EDA tools from the CADENCE 
Company or the AVANT Company have this structure. 

In Fig. 13, VIA 23 is shown as an example of a single 
intermediate VIA of an SVIA. The area of the metal layers M2 and 
M3 forming the VIA 23 is set by the wiring pitches PX (X 
direction) and PY (Y direction) of the SVIA. 

However, in the SVIA of the above described conventional 
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technology, because the intermediate metal layers (i.e. M2 and 
M3 in Fig. 11) are provided such that they overlap with the 
entire area of the intersection portion 100 of the metal wiring 
layers Ml and M4 that need to be connected, the problem arises 
that the signal wiring and the like wired using the intermediate 
metal layers M2 and M3 is not able to pass through the 
intersection portion 100. In particular, when the metal wiring 
layers Ml and M4 are formed from wide wires such as those used 
for power supply wiring, the intersection portion 100 also ends 
up occupying a large surface area. The problem also arises that 
the signal wire tracks T2 and T3 of the metal layers M2 and M3 
are blocked over the entire surface of this area making it 
impossible to increase the wiring efficiency. Moreover, as the 
degree of miniaturization and the level of integration of 
semiconductor devices advance and the multiplying of the number 
of metal layers M develops, the number of blocked signal wire 
tracks also increases correspondingly. Consequently, this 
problem becomes a factor in preventing the degree of 
miniaturization and the level of integration of semiconductor 
devices from advancing. The above is a problem that arises when 
the intermediate metal layers M2 and M3 are present overlapping 
the intersection portion 100 of the metal wiring layers Ml and 
M4. Furthermore, the problem is not limited to this and the same 
type of problem also arises when intermediate metal layers M2 
and M3 are arranged in a configuration where they bridge the gap 
between metal wiring layers Ml and M4 that do not have an 
intersection portion so as to form an SVIA. 



SUMMARY OF THE INVENTION 

The present invention has been conceived in order to solve 
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the above problems in the conventional technology, and it is an 
aim of the present invention to provide to a semiconductor 
device having a multiple layer wiring structure, a wiring method, 
a wiring device, and a recording medium in which, by optimizing 
the placement of SVIA in a semiconductor device having a 
multiple layer wiring structure, the wiring efficiency is 
improved using intermediate metal layers positioned in the 
middle of connection metal wiring layers. 

In order to achieve the above aim, one aspect of the present 
invention is a semiconductor device having a multiple layer 
wiring structure that has a stack VIA portion in which, when 
connecting in a connection area a connection metal layer and a 
layer to be connected that is removed from the connection metal 
layer with one or more intermediate metal layers, the layers are 
connected in sequence, wherein the semiconductor device having a 
multiple layer wiring structure is provided with: two or more 
partitioned intermediate metal layers that are partitioned the 
intermediate metal layer inside the connection area; and an 
intermediate metal layer wiring area that is sandwiched by the 
partitioned intermediate metal layers. Furthermore, in the 
wiring method for a semiconductor device having a multiple layer 
wiring structure of the present invention, the intermediate 
metal layers are partitioned where appropriate within the 
connection area, and an area sandwiched by the partitioned 
intermediate metal layers forms an intermediate metal layer 
wiring area. 

In the semiconductor device having a multiple layer wiring 
structure, the intermediate metal layers forming the stack VIA 
portion are partitioned within the connection area. The area 
sandwiched by the partitioned intermediate metal layers forms 
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the intermediate metal layer wiring area. 

As a result, in the stack VIA portions, it is possible to 
partition intermediate metal layers that are connected in 
sequence from the connection metal layer and to create wiring 
formed from intermediate metal layers within the connection 
areas. Accordingly, there is no blocking of the wiring formed by 
the intermediate metal layers in the connection areas of the 
stack VIA portions, wiring is able to be passed through using 
the intermediate metal layer wiring areas sandwiched by the 
partitioned intermediate metal layers, and the wiring efficiency 
can be vastly improved. 

Furthermore, the wiring method for a semiconductor device 
having a multiple layer wiring structure according to another 
aspect of the present invention is a wiring method for a 
semiconductor device having a multiple layer wiring structure 
which is for two or more metal layers and has a stack VIA 
portion in which, when connecting in a connection area a 
connection metal layer and a layer to be connected that is 
removed from the connection metal layer with one or more 
intermediate metal layers, the intermediate metal layers are 
connected in sequence starting from the intermediate metal layer 
adjacent to the connection metal layer, wherein the intermediate 
metal layers are partitioned within the connection area, and an 
area sandwiched by the partitioned intermediate metal layers 
forms an intermediate metal layer wiring area. 

In the wiring method for a semiconductor device having a 
multiple layer wiring structure, the intermediate metal layers 
forming the stack VIA portion are partitioned within the 
connection area and the area sandwiched by the partitioned 
intermediate metal layers forms the intermediate metal layer 
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wiring area. 

As a result, in the stack VIA portions, it is possible to 
partition intermediate metal layers that are connected in 
sequence from the connection metal layer and to create wiring 
formed from intermediate metal layers within the connection 
areas. Accordingly, there is no blocking of the wiring formed by 
the intermediate metal layers in the connection areas of the 
stack VIA portions, wiring is able to be passed through using 
the intermediate metal layer wiring areas sandwiched by the 
partitioned intermediate metal layers, and the wiring efficiency 
can be vastly improved. 

The wiring device for a semiconductor device having a 
multiple layer wiring according to another aspect of the present 
invention is provided with an automatic wiring design program in 
accordance with the above described wiring method. 

As a result, it is possible to execute an automatic wiring 
design program for performing wiring design automatically using 
the wiring method for a semiconductor device having a multiple 
layer wiring structure described above. 

The recording medium according to another aspect of the 
present invention records an automatic wiring design program for 
performing wiring design automatically using the wiring method 
for a semiconductor device having a multiple layer wiring 
structure described above. 

As a result, the storing and supplying of the above automatic 
wiring design program for performing wiring design automatically 
using the wiring method for a semiconductor device having a 
multiple layer wiring structure described above is simplified. 

The above and further objects and novel features of the 
invention will more fully appear from the following detailed 



7 



description when the same is read in connection with the 
accompanying drawings. It is to be expressly understood, however, 
that the drawings are for the purpose of illustration only and 
are not intended to define the limits of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a structural view of a wiring device in one 
embodiment; 

Fig. 2 is a plan view showing a connection between metal 
wiring layers in the embodiment; 

Fig. 3 is a pattern view showing an intermediate VIA in the 
first specific example of the embodiment; 

Fig. 4 is a plan view showing a connection between metal 
wiring layers in the first specific example of the embodiment; 

Fig. 5 is a cross-sectional view showing a connection between 
metal wiring layers in the first specific example of the 
embodiment ; 

Fig. 6 is a plan view showing a connection between metal 
wiring layers in the second specific example of the embodiment; 

Fig. 7 is a cross-sectional view showing a connection between 
metal wiring layers in the second specific example of the 
embodiment ; 

Fig. 8 is a flow chart showing a wiring method for an 
intermediate metal layer partitioning routine in the embodiment; 

Fig. 9 is a cross-sectional view of a semiconductor device 
having a multiple layer wiring structure; 

Fig. 10 is a plan view showing a connection between metal 
wiring layers in the conventional technology; 

Fig. 11 is a cross-sectional view showing a connection 
between metal wiring layers in the conventional technology; 
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Fig. 12 is a view of a basic minimum pattern of a VIA; and 
Fig. 13 is a pattern view showing an intermediate VIA in the 
conventional technology. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

A detailed description will now be given of a semiconductor 
device having a multiple layer wiring structure, a wiring method, 
a wiring device, and a recording medium of the present invention 
using a specific embodiment with reference being made to the 
drawings . 

In the wiring device 1 in the semiconductor device having a 
multiple layer wiring structure shown in Fig. 1, memory 3, a 
magnetic disk device 4, a display device (abbreviated below to 
CRT) 5, a keyboard 6, and an external storage medium drive 
device 7 are mutually connected via a bus 8 centering on a 
central processing unit (abbreviated below to CPU) 2. In 
addition, an external storage medium 9 such as a CDROM or a 
magnetic medium is provided such that it can be attached to or 
removed from the external storage medium drive device 7 . 

The procedure for the wiring method flow for the intermediate 
metal layer partitioning routine shown in Fig. 8 (described 
below) is recorded in the memory 3 or in the magnetic disk 
device 4 in the wiring device 1 in the semiconductor device 
having a multiple layer wiring structure. When the procedure is 
recorded in the external storage medium 9 such as a CDROM or a 
magnetic medium, the procedure is transferred to and stored in 
the memory 3 and the magnetic disk device 4 via the external 
storage medium drive device 7, or is alternatively transferred 
directly to the CPU 2 . 

In addition, a series of programs and data and the like of an 
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EDA tool for automatic wire placement are also recorded in the 
magnetic disk device 4 or the external storage medium 9 such as 
a CDROM or a magnetic medium and are referred to when necessary 
in response to an instruction from the CPU 2 in accordance with 
the program series. 

An embodiment shown in Fig. 2 shows an example of when the 
present invention is applied an intersection portion 10 in which 
the lower metal wiring layer Ml having the width Wl and the 
upper metal wiring layer M4 having the width W4 intersect with 
the intermediate metal layers M2 and M3 sandwiched in between. 
In this example, SVIA that have been placed in an array 
configuration matching the wiring tracks in the priority wiring 
direction of the intermediate metal layers M2 and M3 over the 
entire surface of the intersection portion 10 are deleted in 
line units. 

Note that, in the embodiment described below, a case is shown 
in which the metal wiring layers Ml and M4 are formed as the 
connecting metal layers or the layers to be connected described 
in the first or second aspects, and in which the intermediate 
metal layers M2 and M3 are formed as the intermediate metal 
layers described in the first and second aspects. 

Specifically, an example is given of when it is possible to 
delete one row in the X direction and two rows in the Y 
direction for a total of nine SVIAs , when five rows of SVIA are 
arranged at the pitch PX in the X direction (i.e. in the 
transverse direction of the upper metal wiring layer M4 ) and 
three rows of SVIA are arranged at the pitch PY in the Y 
direction (i.e. in the transverse direction of the lower metal 
wiring layer Ml) for a total of fifteen SVIAs. As a result, it 
is possible to secure one wiring track L3 through which wiring 
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is able to pass from among the three wiring tracks T3 in the X 
direction and two wiring tracks L2 through which wiring is able 
to pass from among the five wiring tracks T2 in the Y direction. 

Here, the number of SVIA able to be deleted is decided by the 
value of the current flowing through the metal wiring layers Ml 
and M4. In other words, deletion is possible within the range of 
the electromigration standards that is allowable in terms of the 
reliability of the device decided from the current capacity of 
the SVIA, the value of the allowable voltage drop, and the like, 
and the standard of the value of the allowable voltage drop that 
is decided from the restrictions in terms of circuit operation. 
The value of the allowable resistance and the tolerable amount 
of electromigration that is allowable for each wire is decided 
from these standards and from the capacity of the current 
flowing through each wire. Accordingly, the number of SVIA to 
satisfy the allowable values is calculated from the values per 
single SVIA unit. 

Next, a specific example will be given of when the present 
embodiment is actually used in an intermediate VIA specific 
layout pattern. Fig. 3 is a view of the layout pattern of the 
first specific example of an intermediate VIA 23' formed from 
intermediate metal layers M2 and M3 and an interlayer connection 
portion CUT 23 that connects M2 and M3 together. As described 
above on the basis of Fig. 12, the minimum width of the metal 
layer M shown in Expression (1) is the minimum width needed to 
ensure the positional shift margin for the interlayer connection 
portion CUT and the metal layer M, however, it does not meet the 
restrictions imposed by the minimum pattern surface area that is 
required when the metal layer M is being processed. In Fig. 3, a 
method is shown for meeting these restrictions even for the 
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intermediate metal layers M2 and M3 that do not have any 
outgoing wires . 

When a metal layer is used as the wiring layer, it is normal 
to set the wiring directions for each metal wiring layer with 
the directions in adjacent metal wiring layers that are 
orthogonal to each other set as the priority wiring directions. 
In the present embodiment, because the priority wiring direction 
of the lower metal wiring layer Ml is taken as the X direction 
and the priority wiring direction of the upper metal wiring 
layer M4 is taken as the Y direction, the priority wiring 
direction of the intermediate metal layer M2, which is the metal 
layer directly above the lower metal wiring layer Ml, becomes 
the Y direction. The priority wiring direction of the 
intermediate metal layer M3 above that becomes the X direction. 
When providing metal wiring, the wiring tracks are set in the 
priority wiring direction. Therefore, the wiring pitch is set in 
the size of the metal layer in the transverse direction relative 
to the priority wiring direction. Accordingly, in the 
intermediate VIA 23', it is preferable if the metal layers are 
extended in the priority wiring directions by only the amount of 
the surface area that is able to secure the minimum pattern 
surface area of the intermediate metal layers M2 and M3 . The 
result of this is that a structure is employed in which, for the 
metal layer M2, the width in the X direction remains at the 
minimum width while the width in the Y direction is extended, 
and for the metal layer M3, the width in the Y direction remains 
at the minimum width while the width in the X direction is 
extended. By employing this structure, while the metal layer 
width in the priority wiring direction is held to the minimum 
width, the metal layer width in the direction orthogonal to the 

12 



priority wiring direction is extended by the minimum amount 
necessary. 

In the intersection portion 11 shown in Fig. 4, the state of 
the intermediate metal layers M2 and M3 when the intermediate 
VIA 23' of the first specific example is placed in the 
intersection portion 10 in Fig. 2 is shown. In Fig. 5, the cross 
sections XX' and YY' of the intersection portion 11 are shown 
and the states of the intermediate metal layers M2 and M3 are 
shown. 

In Fig, 2, one wiring track L3 in the X direction through 
which a wire can be passed and two wiring tracks L2 in the Y 
direction through which a wire can be passed are secured. 
Moreover, a structure is provided in which the intermediate VIA 
23' that has been put in place has the minimum width in the 
priority wiring direction of each of the intermediate metal 
layers M2 and M3 . Therefore, as is clear from Fig. 4, the wiring 
track L31 in the X direction enables an area to be secured at a 
pitch of 2 X PY as a wiring track having a sufficient wiring 
width as the through wire for the metal layer M3 . The wiring 
tracks L21 in the Y direction enable an area to be secured at a 
pitch of 2 X PX as wiring tracks having a sufficient wiring 
width as the through wire for the metal layer M2 . 

Because the priority wiring directions of the metal layers M2 
and M3 are orthogonal to each other, as is shown in Fig. 5, for 
the metal layer M2 , the direction orthogonal to the cross 
section XX' of the intersection portion 11 becomes the priority 
wiring direction. The wiring tracks L21 pass through the 
intersection portion 11 at a pitch of 2 x PX, while for the 
metal layer M3, the direction orthogonal to the cross section 
YY' of the intersection portion 11 becomes the priority wiring 
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direction and the wiring track L31 passes through the 
intersection portion 11 at a pitch of 2 x PY. 

In the second specific example in which the embodiment is 
applied to another intermediate VIA 23'' (not illustrated), the 
intermediate VIA 23'' is structured such that the metal layers 
M2 and M3 of the intermediate VIA 23' (see Fig. 3) are extended 
to the pitches PY and PX of an SVIA of the conventional 
technology in the priority wiring directions of each of M2 and 
M3. 

In the intersection portion 12 shown in Fig. 6, the state of 
the intermediate metal layers M2 and M3 is shown when the 
intermediate VIA 23'' is placed in the intersection portion 10 
of Fig. 2. In Fig. 7, the cross sections XX' and YY' of the 
intersection portion 12 are shown and the states of the 
intermediate metal layers M2 and M3 are shown. 

In the intermediate VIA 23", the inteamiediate metal layers 
M2 and M3 are extended to the pitches PY and PX of the SVIA in 
the priority wiring directions of each. Therefore, in the 
intersection portion 12 in which the intermediate VIA 23" has 
been placed, the intermediate metal layers M2 and M3 are 
structured such that they are connected to each other in the 
priority wiring directions of each. Namely, as is shown in Figs. 
6 and 7, the intermediate metal layers M2 and M3 are formed with 
each having an extended and connected structure in the YY' 
direction for the metal layer M2 and in the XX' direction for 
the metal layer M3 . 

In contrast, the transverse directions of the intermediate 
metal layers M2 and M3 forming the intermediate VIA 23'', in the 
same way as in the case shown in Fig. 3, are formed at the 
minimum width shown in Expression (1). Accordingly, in the same 
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way as in the first specific example, the wiring track L32 in 
the X direction, as is shown in Fig. 6, enables an area for the 
wire to pass through to be secured at a pitch of 2 x PY as a 
wiring track having a sufficient wiring width as the through 
wire for the metal layer M3 . The wiring tracks L22 in the Y 
direction enable an area for the wires to pass through to be 
secured at a pitch of 2 x PX as wiring tracks having a 
sufficient wiring width as the through wire for the metal layer 
M2. Moreover, as is shown in Fig. 7, in the metal layer M2, the 
wiring tracks L22 pass though the intersection portion 12 at a 
pitch of 2 x PX in a direction orthogonal to the XX' cross 
section of the intersection portion 12. In the metal layer M3 , 
the wiring track L32 passes though the intersection portion 12 
at a pitch of 2 x PY in a direction orthogonal to the YY' cross 
section of the intersection portion 12. 

Next, a description will be given of the partition of the 
intermediate metal layer shown in Fig. 8 using the embodiment as 
an example. Fig. 8 shows the flow of a wiring method for an 
intermediate metal layer partitioning routine, and shows the 
intermediate metal layer partitioning routine used during the 
procedure of an automatic wiring design program. 

Firstly, prior to beginning the routine, the layout pattern 
of the intermediate VIA is selected in advance (SO). In the 
embodiment, either the intermediate VIA 23' or the intermediate 
VIA 23'' is selected. In this case, an example is given of the 
intermediate VIA 23' and VIA 23'' that are necessary when the, 
metal wiring layers Ml and M4 are connected using an SVIA. 
Moreover, it is necessary to make settings in the same way for 
SVIA between other metal wiring layers including cases when 
multiple metal wiring layers are used. 
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In the intermediate metal layer partitioning routine, firstly, 
the intersection portions 10, 11, and 12 between metal wiring 
layers that are to be SVIA connected are extracted (Si), in the 
extracted intersection portions 10, 11, and 12, the SVIA are 
arranged in an array layout, however, it is also possible to 
make the procedure one in which the positions of the SVIA are 
arranged in an array so as to match directions running in the 
priority wiring directions set for the intermediate metal layers 
M2 and M3 of the intersection portions 10, 11, and 12. Moreover, 
it is also possible for the pitch of the SVIA in the array 
layout to be one that is matched with the wiring tracks set for 
the intermediate metal layers M2 and M3 of the intersection 
portions 10, 11, and 12 (S2). In the embodiment, this is PX for 
the X direction and PY for the Y direction. 

With the SVIA array layout matched to the restrictions of the 
priority wiring directions of the intermediate metal layers M2 
and M3 and the layout pitch and the like as the basic layout, a 
check is made as to whether or not the value of the voltage drop, 
the tolerable amount of electromigration in the subject SVIA 
portion, and the like meet the conditions of the design 
standards (S3). If the design standards are not already met at 
this point (i.e. if the determination in S3 is NO), then a 
warning or the like is generated to the effect that it is not 
possible in the subject intersection portions 10, 11, and 12 to 
connect Ml and M4 between the metal wiring using the SVIA (S7), 
and the routine is terminated. If the design standards are met 
(if S3 is YES), then the SVIA row that can be deleted is 
calculated and the list of candidates that may be deleted is 
updated. For example, if nine SVIAs can be deleted from among 
the fifteen SVIAs provided in the intersection portions 10, 11, 
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and 12 in this embodiment, then it is possible to update the 
list of deletable candidates by two possible candidates, namely, 
one wiring track in the X direction and two wiring tracks in the 
Y direction (as is the case in this embodiment - see Fig. 2), or 
by three wiring tracks in the Y direction only. From the updated 
list of SVIA deletable candidates, the SVIA row to be deleted is 
selected {S5) in accordance with the existence or otherwise of 
the wiring of intermediate metal layers M2 and M3 that needs to 
pass through the intersection portions 10, 11, and 12 on the 
layout, the SVIA row is then deleted, and the layout and the 
like of an intermediate VIA set beforehand is performed (S6), 
and the current routine is ended. Note that, if an intermediate 
VIA is set in advance for all of the SVIA, then there is no need 
at this stage to perform again the layout processing for the 
intermediate VIA 23' and VIA 23''. Note also that a description 
has been given here of an example in which all of the SVIA are 
deleted, however, it is also possible to selectively delete the 
intermediate VIA 23' and 23'' forming the SVIA. 

A multiple layer wiring structure to which the present 
invention can be applied is shown in Fig. 9. On a silicon bulk 
layer 33, a diffusion layer 21, a thermal oxidation film 32, and 
a polycrystalline silicon layer 22 that forms a MOS transistor 
gate electrode or the like formed on a silicon bulk layer 33 are 
provided. A metal wiring layer having one through four multiple 
layers with each layer insulated from the others by an 
interlayer insulation film 31. Case A is one in which an SVIA 
structure is formed from: the connecting metal layer described 
in the first or second aspects that is formed from the fourth 
layer metal 26; the layer to be connected described in the first 
or second aspects that is formed from the polycrystalline 
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silicon layer 22; and intermediate metal layers described in the 
first or second aspects that are formed from three layers of 
metal, namely, the one through three layer metals 23, 24, and 25. 
Intermediate VIA are formed respectively from the first layer 
metal 23, the second layer metal 24 and the interlayer 
connecting portion CUT 12 (28) that connects the two, and from 
the second layer metal 24, the third layer metal 25, and the 
interlayer connecting portion CUT 23 (29) that connects the two. 
It is possible for wiring from the first through third layer 
metals 23, 24, and 25 to pass through the intersection portion 
of the fourth layer metal 26 and the polycrystalline silicon 
layer 22 as well. 

Case B is one in which an SVIA structure is formed from: the 
connecting metal layer described in the first or second aspects 
that is formed from the fourth layer metal 26; the layer to be 
connected described in the first or second aspects that is 
formed from the diffusion layer 21; and intermediate metal 
layers described in the first or second aspects that are formed 
from three metal layers, namely, the first through third layer 
metals 23, 24, and 25. Intermediate VIA are formed respectively 
from the first layer metal 23, the second layer metal 24 and the 
interlayer connecting portion CUT 12 (28) that connects the two, 
and from the second layer metal 24, the third layer metal 25, 
and the interlayer connecting portion CUT 23 (29) that connects 
the two. It is possible for wiring from the first through third 
layer metals 23, 24, and 25 to pass through the intersection 
portion of the fourth layer metal 2 6 and the diffusion layer 21 
as well. 

Case C is one in which an SVIA structure is formed from: the 
connecting metal layer described in the first or second aspects 
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that is formed from the fourth layer metal 26; the layer to be 
connected described in the first or second aspects that is 
formed from the first layer metal 23; and intermediate metal 
layers described in the first or second aspects that are formed 
from two layers of metal, namely, the second and third layer 
metals 24 and 25. An intermediate VIA is formed from the second 
layer metal 24, the third layer metal 25, and the inter layer 
connecting portion CUT 23 (29) that connects the two. It is 
possible for wiring from the second and third layer metals 24 
and 25 to pass through the intersection portion of the fourth 
layer metal 26 and the first layer metal 23 as well. 

As has been described above in detail, in the semiconductor 
device having a multiple layer wiring structure according to the 
present embodiment, in the intermediate VIA 23' and VIA 23'', by 
extending the metal layers in the priority wiring direction by 
only the surface area that allows the minimum pattern surface 
area of the intermediate metal layers M2 and MS to be secured, a 
structure can be employed in which, for the metal layer M2 , the 
width in the X direction remains at the minimum width while the 
width in the Y direction is extended. For the metal layer M3, 
the width in the Y direction remains at the minimum width while 
the width in the X direction is extended. By employing this 
structure, while the metal layer width in the priority wiring 
direction is held to the minimum width, as is shown in the 
intersection portions 11 and 12, the wiring tracks L31 and L32 
in the X direction enable an area to be secured at a pitch of 2 
X PY as wiring tracks having a sufficient wiring width to serve 
as the through wire for the metal layer M3 . The wiring tracks 
L21 and L22 in the Y direction enable an area to be secured at a 
pitch of 2 X PY as wiring tracks having a sufficient wiring 
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width to serve as the through wire for the metal layer M2 . 

Accordingly, in a stack VIA portion, it becomes possible to 
partition intermediate metal layers M2 and M3 that are connected 
sequentially from the lower metal wiring layer Ml and makes 
possible wiring that uses the intermediate metal layers M2 and 
M3 of the intersection portions 10, 11, and 12 that are within 
the connection area. Accordingly, there is no blocking of the 
wiring formed by the intermediate metal layers M2 and M3 in the 
intersection portions 10, 11, and 12 where stack VIA portions 
are positioned. Wiring is able to be passed through using the 
wiring tracks L2, L3, L21, L31, or L22 and L32 that are 
intermediate metal layer wiring areas sandwiched by the 
partitioned intermediate metal layers M2 and M3, and the wiring 
efficiency can be vastly improved. 

Moreover, wiring tracks L2, L3, L21, L31, or L22 and L32 that 
are intermediate metal layer wiring areas are formed in the same 
direction as the priority wiring directions set in advance in 
the metal wiring M2 and M3 of a semiconductor device. 
Accordingly, the conformity of the wiring tracks L2, L3, L21, 
L31, or L22 and L32 that are intermediate metal layer wiring 
areas passing through the stack VIA portion with the direction 
of the wiring formed by the intermediate metal layers M2 and M3 
that are positioned as normal wires outside the stack VIA 
portion is excellent. There is no blocking of the wiring formed 
from the intermediate metal layers M2 and M3 in the intersection 
portions 10, 11, and 12 which are the connection areas where the 
stack VIA portions are positioned. Furthermore, it is also 
possible for the connection with external wiring to be performed 
smoothly and for the wiring efficiency to be vastly increased. 

It is thus possible for wiring formed from the first through 
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third layer metals 23, 24, and 25 that form the intermediate VIA 
positioned between the layers 26 and 22 to be passed through 
even in the intersection portion in the SVIA structure that 
connects the fourth layer metal 26 with the polycrystalline 
silicon layer 22. It is also possible for wiring formed from 
the first through third layer metals 23, 24, and 25 that form 
the intermediate VIA positioned between the layers 2 6 and 21 to 
be passed through even in the intersection portion in the SVIA 
structure that connects the fourth layer metal 2 6 with the 
diffusion layer 21. it is also possible for wiring formed from 
the second and third layer metals 24 and 25 that form the 
intermediate VIA positioned between the layers 26 and 23 to be 
passed through even in the intersection portion in the SVIA 
structure that connects the fourth layer metal 26 with the first 
layer metal 23. 

Moreover, if the interlayer connecting portions CUT 12, CUT 
23, and CUT 34 between the metal layers forming the stack VIA 
portions are deleted as appropriate, it is possible to secure a 
suitable partitioning area for the intermediate metal layers M2 
and M3. Accordingly, there is no blocking of the wiring formed 
from the intermediate metal layers M2 and M3 in the connection 
areas of the stack VIA portions. Wiring is able to be passed 
through using the intermediate metal layer wiring areas 
sandwiched by the partitioned intermediate metal layers M2 and 
M3, and the wiring efficiency can be vastly improved. 

Moreover, if the interlayer connecting portions CUT 12, CUT 
23, and CUT 34 placed in an array layout to match the wiring 
tracks running in the priority wiring direction of the 
intermediate metal layers M2 and M3 are deleted as appropriate 
in row units in the priority wiring direction, then it is 
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possible to secure wiring tracks in the connection area of the 
stack VIA portions. Accordingly, the conformity with the wiring 
tracks of the normal wires outside the stack VIA portion is 
excellent and there is no blocking of the wiring formed from the 
intermediate metal layers M2 and M3 in the connection area of 
the stack VIA portion. It is also possible for wiring to be 
passed through using the intermediate metal layer wiring areas 
sandwiched by the partitioned intermediate metal layers M2 and 
M3, and for the wiring efficiency to be vastly improved. 

In the wiring method for a semiconductor device having a 
multiple layer wiring structure according to the present 
embodiment, the intersection portions 10, 11, and 12 between 
metal wiring layers that are to be SVIA connected are extracted 
(SI). The SVIA are then placed in a basic layout in an array 
configuration along the priority wiring direction set for the 
intermediate metal layers M2 and M3 and at the pitches PX and PY 
that are matched to the wiring tracks (S2). Next, the SVIA row 
that can be deleted is calculated and the list of candidates 
that may be deleted is updated (84). The SVIA row to be deleted 
is then selected in accordance with the existence or otherwise 
of the wiring of intermediate metal layers M2 and MS that needs 
to pass through the intersection portions 10, 11, and 12 on the 
layout (S5). The SVIA row is then deleted and it is possible to 
secure the wiring tracks L2, L3, L21, L31, or L22 and L32 that 
are the intermediate metal layer wiring areas that can pass 
through the intersection portions 10, 11, and 12. Note that, it 
is possible to achieve the same affect by deleting the 
interlayer connecting portion CUT 23 forming an SVIA. 

As a result, if the SVIA and the interlayer connecting 
portion CUT 23 between the metal layers M2 and M3 are deleted 
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where appropriate, then it is possible to partition the 
intermediate metal layers M2 and M3 and reliably secure the 
wiring tracks L2, L3 , L21, L31, or L22 and L32 that are the 
intermediate metal layer wiring areas. Accordingly, there is no 
blocking of the wiring formed by the intermediate metal layers 
M2 and M3 in the intersection portions 10, 11, and 12 which are 
the connection areas of the stack VIA portions, and wiring is 
able to be passed through using the wiring tracks L2, L3, L21, 
L31, or L22 and L32 that are intermediate metal layer wiring 
areas sandwiched by the partitioned intermediate metal layers M2 
and M3, and the wiring efficiency can be vastly improved. 

In the wiring device for a semiconductor device having a 
multiple layer wiring structure according to the present 
embodiment, in a wiring device 1 for a semiconductor device 
having a multiple layer wiring structure, memory 3, a magnetic 
disk device 4, a CRT 5, a keyboard 6, and an external storage 
medium drive device 7 are mutually connected via a bus 8 
centering on a CPU 2 and in which an external storage medium 9 
such as a CDROM or a magnetic medium is provided such that it 
can be attached to or removed from the external storage medium 
drive device 7, the procedure showing the wiring method flow for 
the intermediate metal layer partitioning routine is, along with 
a series of programs and data and the like of an EDA tool for 
automatic wire placement, recorded in the magnetic disk device 4 
or the external storage medium 9, and are referred to when 
necessary in response to an instruction from the CPU 2. 

Accordingly, if this wiring device 1 for a semiconductor 
device having a multiple layer wiring structure is used, an 
automatic wiring design program can be executed that is capable 
of partitioning the intermediate metal layers M2 and M3 placed 
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in layers on the intersection portions 10, 11, and 12 of the 
metal wiring layers Ml and M4 and securing an area where wiring 
is possible. Moreover, by recording the program on an external 
recording medium 9, the storing and supplying of the above 
automatic wiring design program is simplified. 

Note that the present invention is not limited to the above 
embodiment, and it will be obvious that various improvements and 
refinements are possible without deviating from the purpose of 
the present invention. 

For example, in the present embodiment, a description is 
given of when SVIA that are formed in the intersection portions 
10, 11, and 12 of layers needing to be connected are deleted 
where appropriate and metal layers M2 and M3 positioned in the 
middle of the intersection portions 10, 11, and 12 are able to 
pass through the intersection portions 10, 11, and 12. However, 
the present invention is not limited to this and can also be 
applied in the same way in cases in which the layers to be 
connected are connected using intermediate VIA in a structure in 
which there are no intersection portions. It is also possible to 
form a structure in which the metal layers M2 and M3 can be 
passed through in the intermediate VIA portions. 

According to the present invention, in a semiconductor device 
having a multiple layer wiring structure, by optimizing the 
placement of the SVIA, it is possible to provide a semiconductor 
device having a multiple layer wiring structure, a wiring method, 
a wiring device, and a recording medium that are capable of 
improving the wiring efficiency of intermediate metal layers 
positioned in the middle of connecting metal wiring layers. 
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WHAT IS CLAIMED IS: 



1 . A semiconductor device having a multiple layer wiring 
structure that is provided with two or more metal layers and 
having a stack VIA portion in which, when connecting in a 
connection area a connection metal layer and a layer to be 
connected that is removed from the connection metal layer with 
one or more intermediate metal layers , the intermediate metal 
layers are connected in sequence starting from the intermediate 
metal layer adjacent to the connection metal layer, wherein 

the semiconductor device having a multiple layer wiring 
structure is provided with: 

two or more partitioned intermediate metal layers that are 
partitioned the intermediate metal layer inside the connection 
area; and 

an intermediate metal layer wiring area that is sandwiched by 
the partitioned intermediate metal layers . 

2 . The semiconductor device having a multiple layer wiring 
structure according to claim 1, wherein the connection area is 
an intersection portion where the connection metal layer and the 
layer to be connected intersect. 

3 . The semiconductor device having a multiple layer wiring 
structure according to claim 1 , wherein the intermediate metal 
layer wiring area is formed in a priority wiring direction in 
the intermediate metal layer. 

4 . The semiconductor device having a multiple layer wiring 
structure according to claim 1, wherein appropriate partitioned 
areas of the intermediate metal layers are secured and the 
intermediate metal layer wiring areas are formed by deleting 
appropriate interlayer connection portions that connect the 
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metal layers forming the stack VIA portion. 

5 . The semiconductor device having a multiple layer wiring 
structure according to claim i, wherein the interlayer 
connection portions are arranged in an array configuration that 
matches wiring tracks running in the priority wiring direction 
in the intermediate metal layers connected to the interlayer 
connection portions, and are deleted where appropriate in row 
units running in the priority wiring direction. 

6. The semiconductor device having a multiple layer wiring 
structure according to claim 1, wherein the partitioned 
intermediate metal layers are formed in accordance with minimum 
design rules in a transverse direction that is orthogonal to the 
priority wiring direction of the intermediate metal layer. 

7 . The semiconductor device having a multiple layer wiring 
structure according to claim 1, wherein the layer to be 
connected is a metal layer. 

8. The semiconductor device having a multiple layer wiring 
structure according to claim 1, wherein the layer to be 
connected is a non-metal layer. 

9. The semiconductor device having a multiple layer wiring 
structure according to claim 8, wherein the non-metal layer is a 
polycrystalline silicon layer. 

10. The semiconductor device having a multiple layer wiring 
structure according to claim 8, wherein the non-metal layer is a 
diffusion layer. 

11. A wiring method for a semiconductor device having a multiple 
layer wiring structure for two or more metal layers and a stack 
VIA portion in which, when connecting in a connection area a 
connection metal layer and a layer to be connected that is 
removed from the connection metal layer with one or more 
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intermediate metal layers, the intermediate metal layers are 
connected in sequence starting from the intermediate metal layer 
adjacent to the connection metal layer, wherein 

the intermediate metal layers are partitioned within the 
connection area, and an area sandwiched by the partitioned 
intermediate metal layers is formed as an intermediate metal 
layer wiring area. 

12. The wiring method for a semiconductor device having a 
multiple layer wiring structure according to claim 11, wherein 
the connection area is formed at an intersection portion where 
the connection metal layer and the layer to be connected 
intersect. 

13. The wiring method for a semiconductor device having a 
multiple layer wiring structure according to claim 11, wherein 
the intermediate metal layer wiring area is formed in the 
priority wiring direction in the intermediate metal layer. 

14. The wiring method for a semiconductor device having a 
multiple layer wiring structure according to claim 11, wherein 
appropriate partitioned areas of the intermediate metal layers 
are secured and the intermediate metal layer wiring areas are 
formed by deleting appropriate interlayer connection portions 
that connect the metal layers forming the stack VIA portion. 

15. The wiring method for a semiconductor device having a 
multiple layer wiring structure according to claim 14, wherein 
the interlayer connection portions are arranged in an array 
configuration that matches wiring tracks running in the priority 
wiring direction in the intermediate metal layers connected to 
the interlayer connection portions, and are deleted where 
appropriate in row units running in the priority wiring 
direction. 
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16. The wiring method for a semiconductor device having a 
multiple layer wiring structure according to claim 11, wherein 
the partitioned intermediate metal layers are formed in 
accordance with minimum design rules in a transverse direction 
that is orthogonal to the priority wiring direction of the 
intermediate metal layer. 

17. A wiring device for a semiconductor device having a multiple 
layer wiring structure, wherein the wiring device is provided 
with an automatic wiring design program for performing wiring 
design automatically using the wiring method for a semiconductor 
device having a multiple layer wiring structure described in 
claim 11. 

18. A recording medium on which is recorded an automatic wiring 
design program for performing wiring design automatically using 
the wiring method for a semiconductor device having a multiple 
layer wiring structure described in claim 11. 
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ABSTRACT OF THE DISCLOSURE 

In a semiconductor device having a multiple layer wiring 
structure, a wiring method, a wiring device, and a recording 
medium, by optimizing the placement of SVIA, it is possible, for 
an intersection portion where a lower metal wiring layer having 
a width Wl and an upper metal wiring layer having a width W4 
intersect with the intermediate metal layers sandwiched in 
between, to delete one row in the X direction and two rows in 
the Y direction for a total of nine SVIAs , when five SVIAs are 
arranged at the pitch PX in the X direction (i.e. in the 
transverse direction of the upper metal wiring layer) and three 
SVIAs are arranged at the pitch PY in the Y direction (i.e. in 
the transverse direction of the lower metal wiring layer) for a 
total of fifteen SVIAs. As a result, it is possible to secure 
one wiring track through which wiring is able to pass from among 
the three wiring tracks in the X direction and two wiring tracks 
through which wiring is able to pass from among the five wiring 
tracks in the Y direction. 
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FIG. 1 

STRUCTURAL VIEW OF A WIRING DEVICE IN ONE EMBODIMENT 
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FIG. 2 

PLAN VIEW SHOWING A CONNECTION BETWEEN METAL WIRING 
LAYERS IN THE EMBODIMENT 




FIG. 3 

PATTERN VIEW SHOWING AN INTERMEDIATE VIA IN A FIRST 
SPECIFIC EXAMPLE OF THE EMBODIMENT 
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FIG. 4 



PLAN VIEW SHOWING A CONNECTION BETWEEN METAL WIRING 
LAYERS IN THE FIRST SPECIFIC EXAMPLE OF THE EMBODIMENT 
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FIG. 6 

PLAN VIEW SHOWING A CONNECTION BETWEEN METAL WIRING 
LAYERS IN A SECOND SPECIFIC EXAMPLE OF THE EMBODIMENT 
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FIG. 8 



FLOW CHART SHOWING A WIRING METHOD FOR AN INTERMEDIATE 
METAL LAYER PARTITIONING ROUTINE IN THE EMBODIMENT 
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FIG. 10 PRIOR ART 



PLAN VIEW SHOWING A CONNECTION BETWEEN METAL WIRING 
LAYERS IN CONVENTIONAL TECHNOLOGY 
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FIG. 12 PRIOR ART 



VIEW OF A BASIC MINIMUM PATTERN OF A VIA 

.CUT 



CS+20H 




CS+20H 



FIG. 13 PRIOR ART 



PATTERN VIEW SHOWING AN INTERMEDIATE LAYER VIA IN 
CONVENTIONAL TECHNOLOGY 
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2( 


3 




Resiaence " " 

Kasugai, Japan 








Citizenship 

Japan 




in 




Post Office Address c/o FUJITSU VLSI LIMIT] 

1844-2, Kozoji-cho 2-chome, 


]D 


ifi 


Kasugai-shi, Aichi 487-UUl J Jap; 


in 






Full name of second joint inventor, if any 








Second inventor's signature Date 








Residence 








Citizenship 








Post Office Address 














(Supply similar information and signature tor third and subsequent 
joint inventors.) 
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Full name of third joint Invantor. if any 








Third inventor's signature 


Date 


mm 




Residence 








Citizenship 





fi'S S Post Office Address 









Full name of fourth joint Invenrtor, If any 








aft 


Fourth inventor's signature 


Date 








Residence 




EH 






Citizenship 





Post Office Address 









Full name of fifth joint inventor, if any 










Frfth inventor's signature 


□ale 








Residence 










Citizenship 





fi."Sf W Post Office Address 







Full name of sixth Joint Inventor, If any 






BH 


Sixth Inventor's signature 


Date 






Residence 








Citizenship 








Post Office Address 
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List of attorneys and/or agents 



James E. Armstrong, III, Reg. No. 18,366; William F. Westeraian, Reg. No. 29,988; Ken-Ichi 
Hattori, Reg. No. 32,861; Le-Nhung McLeland, Reg. No. 31,541; Ronald F. Naughton, 
Reg. No. 24,616; John R. Pegan, Reg. No. 18,069; William G. Kratz, Jr., Reg. No. 
22,631; James P. Welch, Reg. No. 17,379; Albert Tockman, Reg. No. 19,722; Mel 
R. Quintos, Reg. No. 31,898; Donald W. Hanson, Reg. No. 27,133; Stephen G. 
Adrian, Reg. No. 32,878; William L. Brooks, Reg. No. 34,129; John F. Carney, Reg. 

% No. 20,276; Edward F. Welsh, Reg. No. 22,455; Patrick D. Muir, Reg. No. 37,403; 

ro Gay A. Spahn, Reg. No. 34,978; John P. Kong, Reg. No. 40,054; and Luke A. Kilyk, 

m Reg. No. 33,251. 
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